Introduction {#S0001}
============

Diabetic retinopathy (DR) is the leading cause of vision impairment and blindness in the working-age population.[@CIT0001] The global prevalence of DR and vision-threatening DR is estimated to be 35% and 10%, respectively.[@CIT0002],[@CIT0003] DR has become a serious public health issue in China. The pooled prevalence rates of any DR, nonproliferative DR (NPDR) and proliferative DR (PDR) in China are 18.45%, 15.05%, and 0.99%, respectively.[@CIT0004] Apart from the devastating effects on vision that could result in depression and a poor quality of life, patients with DR demonstrate a high risk for cardiovascular disease and mortality.[@CIT0005]--[@CIT0007]

Atherosclerosis, a disease of the large arteries, is the primary cause of cardiocerebral diseases[@CIT0008] and is associated with cardio-cerebrovascular risk in patients with type 2 diabetes mellitus (T2DM).[@CIT0009],[@CIT0010] Atherosclerosis comprises two different processes, namely structural changes (atherosis) presenting as carotid plaque, increased carotid intima-media thickness (CIMT) and ankle-brachial index (ABI), and functional changes (sclerosis) presenting as increased arterial stiffness.[@CIT0011] Several studies have investigated the association between atherosclerosis and presence of DR. In most previous studies, the analyses were performed using either the structural or functional markers of atherosclerosis.[@CIT0012]--[@CIT0014] Few studies have reported the association between DR and atherosclerosis using both the structural and functional markers.[@CIT0015],[@CIT0016] Furthermore, studies on the relationship between atherosclerosis and DR have yielded inconsistent results.[@CIT0016],[@CIT0017]

Arterial stiffness is considered to be an accurate reflection of atherosclerosis and vascular function.[@CIT0018] The relationship between arterial stiffness and DR has been established.[@CIT0013],[@CIT0019] In these studies, pulse wave velocity (PWV) is used as a parameter for arterial stiffness. Although PWV is a common marker of arterial stiffness and reflects vascular damage,[@CIT0020] it is reported to be affected by several factors, including blood pressure at the time of measurement and autonomic nerve function.[@CIT0021] Recently, the cardio-ankle vascular index (CAVI) has emerged as a new indicator to estimate the degree of stiffness of the systemic arteries and a convenient measure of functional changes in early atherosclerosis.[@CIT0022] Evidence shows that CAVI is superior to PWV mainly because it is not affected by blood pressure.[@CIT0023]--[@CIT0025] In addition, CAVI has been applied in the clinical practice to measure arterial stiffness in subjects with cardiovascular diseases, hypertension, and obesity.[@CIT0026]--[@CIT0028]

However, few studies have reported the relationship between DR and arterial stiffness measured by CAVI in patients with diabetes. Therefore, using carotid plaque, ABI, and CAVI as indicators of atherosclerosis, we designed this study to explore the association between atherosclerosis and DR in Chinese patients with T2DM.

Materials and Methods {#S0002}
=====================

Subjects {#S0002-S2001}
--------

In this hospital-based cross-sectional study, 1578 consecutive T2DM patients aged 18--79 years who were hospitalized for either poor blood glucose control or further screening of microvascular and macrovascular complications at the Department of Endocrinology and Metabolism of our hospital from May 2017 to December 2018 were selected. Of them, 629 patients were excluded for the following reasons: (1) patients with ABI \< 0.9 and reported history of cardiocerebral vascular disease (n = 70); (2) presence of systemic inflammatory or infectious disease (n = 58); (3) presence of malignant tumor (n = 29); and (4) incomplete data on carotid plaque, ABI, CAVI, and fundus photography (n = 472). Subsequently, 949 patients were analyzed in this study. This study was approved by the ethics committee of Hospital of Chengdu Office of People's Government of Tibetan Autonomous Region, and the study was conducted in accordance with the Declaration of Helsinki. The need for written informed consent was waived owing to the retrospective nature of the study. We have confirmed of patient data confidentiality.

Assessment of DR {#S0002-S2002}
----------------

In accordance with a standardized protocol, high-quality fundus photographs were taken of both eyes after pupillary dilation using a digital retinal camera (Visucam 500, Carl Zeiss Meditec AG, Jena, Germany). If needed, fundus fluorescein angiography was performed. DR was assessed and graded using digital retinal photography and fluorescein angiography, as either NPDR or PDR by ophthalmologists, according to the Early Treatment Diabetic Retinopathy Study (ETDRS) retinopathy severity scale.[@CIT0029]

Assessment of Atherosclerosis {#S0002-S2003}
-----------------------------

The atherosclerotic markers used in this study were carotid plaque, ABI, and CAVI. Carotid arteries were measured at the levels of the internal carotid artery, common carotid artery, and at the bifurcation using a high-resolution B-mode ultrasonography system (IU22, Philips, Eindhoven, Netherlands) with an electric linear array transducer of 7.5 MHz, which was operated by a trained and certified sonographer.[@CIT0030] Carotid plaque was considered to be present when a focal structure was seen encroaching more than 0.5 mm or 50% of the surrounding CIMT into the arterial lumen or demonstrating a thickness \>1.5 mm, according to the Mannheim consensus.[@CIT0030]

CAVI was measured by trained technical staff using the VaseraVS-1500A instrument (Fukuda Denshi, Tokyo, Japan) with patients resting in the supine position at least 5 minutes. Electrocardiogram electrodes were placed on both wrists, and the cuffs were wrapped around the four extremities. A microphone was placed on the sternal angle for detecting heart sounds. Blood pressure (BP) and waveforms of the brachial and ankle arteries were measured. Data obtained were analyzed using the 1500A vascular screening system software (Fukuda Denshi, Tokyo, Japan). The CAVI value was obtained automatically using the following formula: CAVI = a \[{2ρ ×1/(SBP-DBP)} × {In (SBP/DBP) ×PWV^2^}\] + b (*ρ*: density of blood; a and b: constants; SBP, systolic blood pressure; DBP, diastolic blood pressure).[@CIT0024] Increased CAVI was defined as a value ≥9 as per the manufacturer's instructions and previous studies.[@CIT0022],[@CIT0031]

Measurements for calculation of ABI were obtained using the VaseraVS-1500A instrument (Fukuda Denshi, Tokyo, Japan). Blood pressure cuffs were applied to both arms and both ankles and SBP measurements were automatically obtained from bilateral brachial, dorsalis pedis, and posterior tibial arteries. The ABI was calculated by the ratio of the ankle SBP divided by the arm SBP. Increased ABI was defined as a value ≥1.3.[@CIT0032]

Data Collection {#S0002-S2004}
---------------

We evaluated both the clinical characteristics (age, weight, height, diabetes duration, smoking status, history of hypertension, medications and BP) and the laboratory parameters (levels of hemoglobin A1c\[HbA1c\], triglycerides\[TG\], total cholesterol\[TC\], low-density lipoprotein cholesterol\[LDL-C\], high-density lipoprotein cholesterol\[HDL-C\], serum creatinine\[SCr\], and uric acid, urinary albumin-creatinine ratio\[ACR\]) from the electronic medical records. HbA1c level was measured using high-performance liquid chromatography (HPLC). Serum lipid-profile, SCr, and uric acid were measured using an automatic biochemistry analyzer (Modular P800, Roche Diagnostics GmbH, Germany). Urinary albumin and creatinine were used to calculate ACR.

Definitions {#S0002-S2005}
-----------

The body mass index (BMI) was calculated as the weight in kilogram (Kg) divided by the square of height in meter (m^2^). The estimated glomerular filtration rate (eGFR) was calculated using the abbreviated Modification of Diet in Renal Disease Study Group formula modified for Chinese subjects.[@CIT0033] Hypertension was defined as three documented measurements ≥140/90 mmHg at rest, history of hypertension reported by the patient, or history of treatment with antihypertensive agents. Microalbuminuria was defined as a value for urinary ACR ranged from 30 to 299 mg/g and macroalbuminuria was defined as ACR ≥ 300 mg/g.[@CIT0034]

Statistical Analysis {#S0002-S2006}
--------------------

The continuous variables were checked using the Kolmogorov--Smirnov test. Data were presented as number (percentage) for categorical variables, and continuous data were expressed as mean ± standard deviation (SD) when normally distributed or median (interquartile range) when not. According to the DR status, patients were divided into three groups: without DR, with NPDR, and with PDR. Differences between the three groups were compared using one-way analysis of variance (ANOVA) for continuous variables and chi-square test for categorical data. Univariate logistic regression models were performed to evaluate the relations between atherosclerosis markers and presence of DR with sex, age, smoking status, diabetic duration, hypertension, SBP, DBP, BMI, TG, TC, HDL-C, LDL-C, HbA1c, and statin exposure. Multiple logistic regression analysis was performed to investigate the associations between the status of DR with increased CAVI, increased ABI, and presence of carotid plaque. The results were showed as odds ratio (OR) with 95% confidence interval (95% CI). The covariates entered into the model were based on univariate analyses and previous literature.[@CIT0003] Interaction and stratified analysis were conducted according to sex, age, diabetic duration, history of hypertension, LDL-C, HbA1c, and statin exposure. *P* value less than 0.05 was considered statistically significant. Statistical analyses were performed using the Empower software ([[www.empowerstats.com](http://www.empowerstats.com)]{.ul}; X&Y Solutions, Inc., Boston, MA, USA).

Results {#S0003}
=======

A total of 949 patients (700 males and 249 females) were included in the present study. The mean age was 54.8 ± 9.5 years (range: 24--78 years). The mean diabetic duration was 7.0 (4.0--12.0) years. The prevalence of DR was 23.6% (224) in total patients, including 167 (17.6%) patients with NPDR and 57 (6.0%) patients with PDR. [Table 1](#T0001){ref-type="table"} presents the general characteristics of the patients divided into three groups according to DR status. There was no difference in sex, BMI, smoking status, uric acid, TC, TG, HDL-C, and LDL-C among three groups. Patients with PDR were older and showed longer diabetic duration and higher prevalence of hypertension than those with NRDR and without DR. The mean levels of SBP, DBP, and HbA1c were higher than those in other two groups.Table 1Characteristics of the Study Subjects Grouped by Stage of DRVariablesOverall (n=949)Without DR (n=725)NPDR (n=167)PDR (n=57)*P*-valueMale, n (%)700 (73.8)524 (72.3)132 (79.0)44 (77.2)0.137Age, yrs54.8 ± 9.554.2 ± 9.656.0 ± 9.059.8 ±8.3\< 0.001Diabetic duration, yrs7.0 (4.0--12.0)6.0 (3.0--10.0)10.0 (6.0--14.0)12.0 (8.0--15.0)\< 0.001BMI, kg/m^2^25.7 ± 3.525.8 ± 3.625.5 ± 3.325.3 ± 2.80.360Smoking status, n (%)0.439Never351 (37.0)274 (37.7)61 (36.5)17 (29.8)Former355 (37.4)268 (36.9)67 (40.2)20 (35.1)Current243 (25.6)184 (25.3)39 (23.4)20 (35.1)Hypertension, n (%)451 (47.5)304 (41.9)103 (61.7)44 (77.2)\< 0.001SBP, mm Hg129.2 ± 17.4126.9 ± 16.7135.5 ± 17.5140.3 ± 16.7\< 0.001DBP, mm Hg82.4 ± 10.981.4 ± 10.885.3 ± 10.986.2 ± 10.1\< 0.001HbA1c, %9.2 ± 2.39.1 ± 2.39.5 ± 2.19.7 ± 2.20.010TG, mmol/L1.46 (1.07--2.14)1.46 (1.06--2.10)1.43 (1.07--2.43)1.53 (1.15--2.32)0.975TC, mmol/L4.48 ± 1.114.46 ± 1.074.50 ± 1.174.69 ± 1.300.311HDL-C, mmol/L1.16 ± 0.281.16 ± 0.271.19 ± 0.301.19 ± 0.330.213LDL-C, mmol/L2.51 ± 0.872.50 ± 0.842.45 ± 0.902.71 ± 1.090.151UA, mmol/L366.2 ± 87.4364.8 ± 85.6368.8 ± 93.2376.3 ± 93.50.577eGFR, mL/min per 1.73m^2^110.1 (93.5--127.6)110.9 (95.3--128.7)107. 6 (87.2--128.4)99.7 (72.3--116.3)\<0.001Microalbuminuria, n (%)207 (22.5)121 (17.3)65 (39.0)21 (36.8)\<0.001Macroalbuminuria, n (%)94 (10.2)33 (4.7)36 (21.6)25 (43.9)\<0.001Medications, n (%)Oral hypoglycemic agents731 (77.0)585 (80.7)107 (64.1)39 (68.4)\<0.001Insulin328 (34.6)222 (30.6)73 (43.6)33 (57.9)\<0.001Aspirin223 (23.5)151 (20.8)52 (31.1)20 (35.1)0.002Antihypertensive383 (40.4)260 (35.8)88 (52.7)35 (61.4)\<0.001Statin340 (35.8)224 (30.9)83 (49.7)33 (57.9)\<0.001[^1][^2]

The prevalence of increased CAVI was significantly higher in patients with PDR and NPDR than those without DR (77.2% and 44.9 versus 21.5%, *P* \<0.001). Patients with PDR and NPDR had a higher prevalence of increased ABI than those without DR (10.5% and 3.0% versus 1.9%, *P* \<0.001). Patients with PDR and NPDR were more likely to have carotid plaque than those without DR (86.0% and 74.9% versus 60.3%, *P* \< 0.001) ([Figure 1](#F0001){ref-type="fig"}).Figure 1Prevalence of increased CAVI, increased ABI, and carotid plaque in subjects without DR, with NPDR, and with PDR. (**A**). The prevalence of increased CAVI in three groups. (**B**) The prevalence of increased ABI in three groups. (**C**). The prevalence of carotid plaque in three groups.**Abbreviation:** DR, diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; CAVI, carotid ankle vascular index; ABI, ankle-brachial index.

In order to analyse other factors that have an influence on DR and atherosclerosis markers, we performed univariate logistic regression analysis to evaluate the relations between increased CAVI, increased ABI, presence of carotid plaque, and presence of DR with clinical variables ([Table 2](#T0002){ref-type="table"}). Our results showed that DR was positively related to age, diabetic duration, hypertension, SBP, DBP, HbA1c, and statin exposure. Increased CAVI was positively related to age, diabetic duration, hypertension, SBP, DBP, HDL-C, TG, and statin exposure. Increased ABI was positively related to sex and BMI. The presence of carotid plaque was positively related to age, diabetic duration, hypertension, SBP, DBP, TC, HDL-C, LDL-C and statin exposure. Both increased CAVI and presence of carotid plaque were negatively related to BMI.Table 2The Relations Between Atherosclerosis Markers and DR with Various Factors by Univariate AnalysisVariablesCAVI ≥ 9 OR (95% CI)ABI ≥ 1.3 OR (95% CI)Carotid Plaque OR (95% CI)DR OR (95% CI)Male1.24 (0.89, 1.72)9.13 (1.23, 67.77)0.92 (0.68, 1.25)1.41 (0.98, 2.01)Age1.18 (1.15, 1.21)1.01 (0.97, 1.05)1.09 (1.07, 1.11)1.03 (1.02, 1.05)Former smoker1.13 (0.82, 1.58)0.69 (0.26, 1.82)0.93 (0.69, 1.27)1.16 (0.81, 1.64)Current smoker1.34 (0.93, 1.91)1.31 (0.52, 3.28)0.96 (0.68, 1.34)1.14 (0.77, 1.68)Diabetic duration1.12 (1.09, 1.15)1.02 (0.95, 1.09)1.06 (1.03, 1.09)1.11 (1.08, 1.14)Hypertension3.47 (2.57, 4.68)1.09 (0.50, 2.38)2.28 (1.73, 3.00)2.64 (1.93, 3.61)SBP1.03 (1.03, 1.04)1.01 (0.98, 1.03)1.02 (1.01, 1.03)1.03 (1.02, 1.04)DBP1.01 (1.00, 1.03)1.01 (0.98, 1.05)1.01 (0.99, 1.02)1.04 (1.02, 1.05)BMI0.90 (0.86, 0.94)1.10 (1.00, 1.21)0.93 (0.89, 0.96)0.97 (0.93, 1.01)TG0.86 (0.76, 0.97)0.84 (0.57, 1.23)1.04 (0.95, 1.14)1.01 (0.91, 1.11)TC0.91 (0.80, 1.04)0.73 (0.50, 1.06)1.23 (1.08, 1.39)1.07 (0.94, 1.22)HDL-C1.98 (1.21, 3.25)1.11 (0.28, 4.38)1.73 (1.06, 2.81)1.58 (0.94, 2.67)LDL-C0.91 (0.78, 1.07)0.72 (0.45, 1.20)1.27 (1.09, 1.49)1.01 (0.85, 1.21)HbA1c1.00 (0.93, 1.06)1.01 (0.85, 1.20)1.01 (0.95, 1.07)1.10 (1.03, 1.18)Statin exposure1.82 (1.36, 2.42)0.65 (0.27, 1.57)1.51 (1.13, 2.20)2.43 (1.79, 3.30)[^3][^4]

In multivariable logistic regression analysis ([Table 3](#T0003){ref-type="table"} and [Figure 2](#F0002){ref-type="fig"}), after adjusting for other variables (sex, age, diabetic duration, BMI, smoking status, presence of hypertension, SBP, LDL-C, HDL-C, HbA1c, and statin exposure), patients with NPDR showed an OR of 2.59 (1.61--4.19) for increased CAVI, 1.99 (0.62--6.34) for increased ABI, and 1.75 (1.13--2.71) for presence of carotid plaque. Patients with PDR showed an OR of 7.83 (3.52--17.41) for increased CAVI, 10.65 (3.33--34.04) for increased ABI, and 11.40 (2.67--48.63) for presence of carotid plaque.Table 3Odds Ratios for Atherosclerosis Markers According to DR StatusDR StatusNCrude OR (95% CI)Model 1 OR (95% CI)Model 2 OR (95% CI)*P*-value for Trend in Model 2CAVI ≥ 9 Without DR156RefRefRef\< 0.001 NPDR752.92 (2.05, 4.15)3.22 (2.06, 5.03)2.59 (1.61, 4.19) PDR4412.27 (6.45, 23.34)11.54 (5.34, 24.96)7.83 (3.52, 17.41)ABI ≥ 1.3 Without DR14RefRefRef\< 0.001 NPDR51.58 (0.56, 4.45)1.50 (0.51, 4.39)1.99 (0.62, 6.34) PDR67.12 (2.75, 18.44)7.37 (2.57, 21.16)10.65 (3.33, 34.04)Carotid plaque Without DR437RefRefRef0.001 NPDR1252.09 (1.42, 3.06)1.92 (1.28, 2.89)1.75 (1.13, 2.71) PDR4918. 82 (4.56, 77.70)13.72 (3.26, 57.70)11.40 (2.67, 48.63)[^5][^6] Figure 2Association of atherosclerosis markers and DR in different subgroup. (**A**) Association of increased CAVI and DR in different subgroup. (**B**) Association of carotid plaque and DR in different subgroup. The data are presented as OR (95% CI). Each stratification adjusted for all the factors (sex, age, diabetic duration, history of hypertension, LDL-C, HbA1c, and statin exposure) expect the stratification factor itself.**Abbreviation:** CAVI, carotid ankle vascular index; DR, diabetic retinopathy; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c.

To further confirm whether there were possible interaction effects on the association between atherosclerosis markers (CAVI and carotid plaque) with DR, stratifies analysis were performed according to the different subgroup, include sex (female and male), age (\<60 years and ≥60 years), diabetic duration (\<10 years and ≥10 years), history of hypertension (without and with hypertension), LDL-C (\<2.6 mmol/L and ≥2.6 mmol/L), HbA1c (\<9% and ≥9%), and statin exposure (with and without statin exposure). All analysis were adjusted for sex, age, diabetic duration, history of hypertension, LDL-C, HbA1c, and statin exposure except for the variable that was stratified. As shown in [Figure 2](#F0002){ref-type="fig"}, sub-group analysis stratified by different subgroups showed that there was no interaction term between increased CAVI and carotid plaque with DR.

Discussion {#S0004}
==========

In this cross-sectional study, we examined the association between atherosclerosis and DR. Our results showed NPDR was significantly associated with increased odds of carotid plaque and increased of CAVI, and PDR was associated with increased odds of carotid plaque, increased of CAVI, and increased ABI after adjustment for sex, age, diabetic duration, and other traditional cardiovascular factors.

In the global DR study, longer duration of T2DM, higher level of HbA1c, and poorer blood pressure control were strongly associated with DR.[@CIT0003],[@CIT0035] In the present study, we showed a similar result, in that, diabetic duration, HbA1c, SBP, and DBP were significantly associated with DR in the univariate analysis. It has been previously reported that dyslipidemia was associated with DR.[@CIT0036] While the relationship between DR and plasma lipid levels was not significant in our study. Lee[@CIT0037] did not find a significant correlation between the TG/HDL-C ratio and DR. They have hypothesized that serum lipids were involved more in the later stages of DR than the early stages. Unexpectedly, we found there was positive correlation between increased CAVI and carotid plaque with HDL-C. Many large cohort studies and randomized trails have showed that HDL-C is a strong, independent, inverse predictor of the risk of atherosclerotic cardiovascular disease.[@CIT0038],[@CIT0039] However, there still remains a debate.[@CIT0040] HDL have pleiotropic beneficial effect on the atherogenesis and promote the removal of excess cholesterol from lipid laden macrophages to liver. These effects are only weakly correlated with HDL-C levels. Besides, mendelian randomization does not support a link of causality and intervention of raising HDL-C has not yielded the expected outcomes.[@CIT0040],[@CIT0041] In this present study, the positive correlation was found in univariate analysis, therefore potential confounders may exist.

Several previous studies have assessed the association between atherosclerosis and DR in patients with T2DM. A study suggested that DR was associated with higher atherosclerosis burden (described as presence and number of carotid plaques).[@CIT0042] Carotid plaque and increased CIMT were associated with increased odds of the presence of DR among Chinese population.[@CIT0014] Saif investigated the correlation between the severity of DR and CIMT in 140 normotensive Egyptian patients with T2DM and DR and proved that both NPDR and PDR are strong determinants of CIMT and atherosclerosis.[@CIT0043] Consistent with the findings of previous studies, our results showed that both NPDR and PDR were independently associated with the presence of carotid plaque. Chen[@CIT0012] reported that an abnormally low or high ABI was associated with proliferative DR in T2DM. In the present study, we excluded patients with ABI \<0.9 and our results showed only PDR but not NPDR was associated with increased ABI. However, because of relatively small number of patients with increased ABI (24/949), the statistical power may be affected. Therefore it should be further explored when new eligible study appears.

Arterial stiffness is considered as a marker of atherosclerosis and vascular function. PWV is widely used as a common index of arterial stiffness and one of the markers for assessing vascular damage.[@CIT0020] Several studies have reported associations between DR and arterial stiffness measured using PWV.[@CIT0013],[@CIT0015],[@CIT0044] PWV could be influenced by BP during the measurement, and it is higher in hypertensive patients.[@CIT0023] Besides, any stimulus that puts pressure on the artery may interfere the results.[@CIT0021] In addition, PWV could not accurately reflect the pathological changes in the early development of atherosclerosis until calcification developed in the atherosclerotic plaque.[@CIT0023] CAVI, however, is unaffected by arterial BP. Increased CAVI indicates not only arterial stiffness caused by pathological changes in the arterial wall, but also an increased vascular tone caused by smooth muscle cell contracture. Thus, it represents both "functional" and "organic" stiffness the arteries.[@CIT0045] Herein we used CAVI as the indictor of arterial stiffness, which is superior to PWV. Miyamoto reported that CAVI had a positive correlation with CIMT or plaque score, but not with DR.[@CIT0016] However, a positive association between CAVI and DR (both NPDR and PDR) was found in this study. This might be owing to the difference in the study population. Although their study included lesser number of patients (n=102), the prevalence of DR (47%) was higher than that in our study. To the best of our knowledge, this is the first study to explore the relationship between CAVI and DR in Chinese patients with T2DM.

Vascular-related complications, like coronary heart disease and peripheral arterial occlusive disease, are the leading cause of morbidity and mortality in patients with DM. Atherosclerosis is the central pathological change in macrovascular disease, which leads to narrowing of arterial walls throughout the body.[@CIT0046] Yokoyama found that elevation of albuminuria was an independent determinant of IMT and PWV in T2DM.[@CIT0047] They suggested a possible link in the pathogenesis between atherosclerosis and diabetic nephropathy. In a population cohort of individuals with T2DM from the UK, significant associations were observed for the first major cardiovascular event (a priori composite of cardiovascular death, non-fatal myocardial infarction, or nonfatal ischaemic stroke) individually for retinopathy (HR: 1.39, 95% CI: 1.09--1.76), peripheral neuropathy (1.40, 1.19--1.66) and nephropathy (1.35, 1.15--1.58). The findings showed that the cumulative burden of microvascular disease is a determinant of future cardiovascular risk.[@CIT0048] This present study adds to the evidence that atherosclerosis is associated with diabetic microvascular complications. The exact mechanisms underlying the association between the two remains unclear. A possible explanation is that atherosclerosis and microvascular complication share same physiopathologic mechanism (for example, endothelial injury, chronic inflammation and enhanced oxidative stress) and other independent accelerating risk factors (for example, smoking, hypertension and hyperlipidemia).[@CIT0049]

There are several limitations in this study. First, this was a retrospective cross-sectional study, which did not confirm the causal relationship between atherosclerosis and DR. Second, there may be a selection bias as hospitalized patients usually present a more severe form of the disease. Third, the study was performed at a single institution and only involved Chinese patients; therefore, the results might not be generalized to populations of different ethnicities. While we acknowledge these limitations, we must consider the strength of the present study. In most previous studies, the analyses were conducted using either the structural or functional markers of atherosclerosis. Herein, we evaluated both, the structural and functional markers of atherosclerosis and provided useful evidence to show that atherosclerosis was associated with DR in patients with T2DM.

In conclusion, we used the ABI and carotid plaque as markers of structural change and CAVI as a marker of functional change of atherosclerosis. Our results revealed that both the structural and functional markers of atherosclerosis were associated with DR in patients with T2DM.

The abstract of this paper was presented at the Advanced Technologies & Treatments for Diabetes Conference (Madrid, Spain--February 19--22, 2020) as an abstract presentation with interim findings. The poster's abstract was published in "E-Poster Viewing Abstracts" in Journal "Diabetes Technology & Therapeutics, Vol. 22, No.S1" ([<https://doi.org/10.1089/dia.2020.2525.abstracts>]{.ul}).
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[^1]: **Notes:** Data are presented as mean ± SD, median (interquartile range), or number (percentage).

[^2]: **Abbreviations:** DR, diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; TG, total triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UA, uric acid; eGFR, estimated glomerular filtration rate.

[^3]: **Notes:** The data are presented as odds ratio (OR) and 95% confidence interval (CI).

[^4]: **Abbreviations:** CAVI, carotid ankle vascular index; ABI, ankle-brachial index; DR, diabetic retinopathy; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TG, total triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HbA1c, hemoglobin A1c.

[^5]: **Notes:** The data are presented as odds ratio (OR) and 95% confidence interval (CI). Model 1: adjusted for sex, age, diabetic duration, smoking status, BMI, hypertension. Model 2: adjusted for sex, age, diabetes duration, smoking status, BMI, hypertension, SBP, HbA1c, LDL-C, HDL-C, statin exposure.

[^6]: **Abbreviations:** CAVI, carotid ankle vascular index; ABI, ankle-brachial index; DR, diabetic retinopathy; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy; BMI, body mass index; SBP, systolic blood pressure; HbA1c, hemoglobin A1c; LDL-C, low-density lipoprotein cholesterol; HDL-C, low-density lipoprotein cholesterol.
